Abstract
Introduction
Acute wrist injuries are a common presentation with clinical features of scaphoid fractures causing concern to both the patient and clinician even in the presence of normal X-rays. Scaphoid fractures may occur in as many as 16% of these cases 1 , and the consequences of a missed diagnosis in this setting can be disabling and lead to medico-legal issues. However, overtreatment of patients results in increased healthcare costs and lost productivity.
Further imaging of acute wrist injuries is controversial and needs to incorporate resource costs, radiation exposure and social and functional disability of the patient. Some healthcare systems offer a protocol for the patient with a symptomatic acutely injured wrist 2 . Common protocols include immobilisation followed by repeat X-rays after 2 weeks 3 , computer tomography (CT), magnetic resonance imaging (MRI) and nuclear imaging.
Performing earlier, more accurate imaging prevents unnecessary immobilisation and delay in return to normal function. However, both CT and nuclear imaging come with increased radiation dose while MRI scanning is expensive.
The aim of this review was to assess the impact of MRI scanning on acute wrist injuries with regards to fracture detection, detection of other injuries, alterations to management and cost effectiveness.
Materials and methods
A MEDLINE, EMBASE and Cochrane database search was performed using the terms 'wrist', 'scaphoid', 'wrist injury', 'acute' and 'MRI'. We included studies assessing patients with any acute wrist trauma and normal initial radiographs written in the English language. A total of 41 papers were reviewed.
Results

How accurate is MRI in diagnosing occult scaphoid fractures in those who have normal X-rays compared to other investigations?
Forty-one studies were identified comparing the use of MRI to other imaging modalities in the detection of scaphoid fractures. The limitations of comparing previous research include: (1) varying patient inclusion criteria, from all acute wrist trauma with radial sided pain 4 to those with clinical features of scaphoid fracture but with a negative initial X-ray, (2) the lack of a 'gold standard' to be used as a reference for such diagnostic studies 5, 6 and (3) the definition of fracture on MRI, which may include or exclude isolated trabecular changes in the absence of a cortical breach (Table 1) .
Overall, MRI has been shown to detect scaphoid fractures missed by plain X-ray imaging [7] [8] [9] [10] . Interobserver variation has been shown to be low in some studies 11 but only moderate in others 6 . Compared to conventional radiography (X-ray) imaging, MRI has improved sensitivity (39% for X-ray vs 70% for MRI) and specificity (70% for X-ray vs 98% with MRI) in the detection of scaphoid fractures 4, 10, [12] [13] [14] . Low et al. 10 showed that delayed follow-up radiographs alone in this patient population had poor sensitivity (9-49%), negative predictive value (30-40%) and poor inter-observer reliability. The study concluded that this is an inadequate diagnostic test to exclude a scaphoid fracture in those with negative initial X-rays.
MRI is comparable to, or out performs, other imaging modalities in diagnostic studies. A meta-analysis of 30 studies was performed by Yin et al. 5, 15 . This showed that follow-up radiographs alone and CT had lower sensitivities (91.1 and 85.2%, respectively) than MRI (97.7%) and nuclear scanning (97.8%). Of note, however, the estimate of sensitivity for CT was thought to be imprecise due to lack of data. Specificities were found to be 93.5% for nuclear imaging, 99.8% for follow-up radiographs, 99.5% for CT and 99.8% for MRI. These results are comparable to other recent studies 1, 16 , where CT and MRI had similar diagnostic outcomes in the detection of scaphoid fractures with no significant difference in sensitivity and specificity.
MRI detection of scaphoid fractures may, however, be affected by the low prevalence of the disease amongst patients presenting with negative initial X-rays 5 . A randomised controlled trial 17 assessed patients presenting with acute wrist trauma (not specific to scaphoid injury features). Very few scaphoid fractures were found which makes analysis of its negative prediction value limited. Early MRI in all patients with acute wrist trauma is not recommended, however, it may be appropriate in those with clinical suspicion of scaphoid fracture. Clinical signs are integral to improving the detection of such injuries 3, 18, 19 .
What additional pathology is seen on MRI?
MRI may identify additional wrist pathology including bony [20] [21] [22] and soft tissue injuries ( Figure 1 ). Previous studies have shown that four out of every five patients presenting with acute wrist trauma, but normal X-rays have a pathological finding on MRI 23 . Jorgsholm et al. 4 diagnosed 224 fractures in the 196 wrists that were reviewed using MRI. These included scaphoid, distal radius fractures, triquetrum and capitate fractures. The most common multiple fracture combinations were scaphoid + distal radius and scaphoid + capitate fractures. The sensitivity of CT for visualisation of fractures other than scaphoid fractures was 75-100% and X-ray was <60%. Soft tissue injuries may include Presence of a cor cal fracture line, a trabecular fracture line or a combina on of both However, the significance of some of these findings is unclear and must be related to the clinical presentation.
What is 'bone bruising' and how should it be treated?
Bone bruising refers to a 'diffuse reduction in T1 signal with increase in T2 signal but with no linear component' 24 and the management of such a finding is controversial.
Some studies have allowed for no treatment of bone bruising 4 while others have recommended immobilisation for up to 2 weeks depending on the patients level of pain 23 . Long-term outcomes were not, however, assessed.
La Hei et al. 25 assessed 41 patients with acute scaphoid bone bruising and no fracture. These patients were immobilised for 6 weeks and the eight patients who remained symptomatic at the 3 month mark all showed improvement of bruising on repeat MRI. They concluded that bone bruising is a benign injury with predictable recovery and questioned the need for prolonged immobilisation. In contrast, Thavarajah et al. 24 raised concern about the potential progression of bruising to occult fracture. They prospectively assessed 170 scaphoid injuries, 50 of which had isolated bone bruising and no fracture. Following the theory that bone bruising represents marrow oedema and hence blood flow disruption, these patients were treated in scaphoid plaster for 8 weeks. There was one frank scaphoid fracture revealed on repeat MRI scanning at the end of these 8 weeks. It is unclear if this was misinterpreted on the MRI or whether it progressed. Neither study assessed the natural history of bone bruising in the absence of immobilisation.
How does the MRI result alter patient treatment?
The majority of studies with early MRI in suspected scaphoid injuries have shown a reduction in the incidence of missed fractures and that patients avoid unnecessary, prolonged immobilisation in those with a normal MRI.
Mack et al. 14 prospectively reviewed 56 wrists with clinical suspicion of fracture but normal radiographs. Each wrist was examined with MRI in a mean of 6.6 days. The MRI data resulted in 66% of the cases having alterations to therapy, 22 (39%) wrists having a reduction in immobilisation time, 12 (21%) having a prolonged immobilisation and surgical intervention in 3 (5%). Seventy percent of the patients in this group were working prior to the injury. Similarly, Brydie et al. 22 showed alteration in management in 92% of their 195 patients as a result of MRI within 14 days of injury.
Cost effectiveness
While previously there has been concern about the cost effectiveness of performing a MRI scan on every patient with negative initial X-rays, the advent of low field strength MRI 26 and more focused imaging has allowed for a reduction in costs and time constraints. Obtaining coronal T1-weighted and Short T1 Inversion Recovery (STIR) images now can take a similar time as would be required for scaphoid series plain X-rays (5-10 minutes) 21 . Hansen et al. 27 assessed cost effectiveness by comparing 27 patients investigated with MRI within 1 week of injury to 27 patients managed with immobilisation and re-X-ray at 2 weeks post-injury. There was a statistically significant difference seen in those managed with MRI with savings of €2869 in non-hospital costs (loss of productivity). The difference was only statistically significant for manual workers.
Our regional experience
One hundred and ten wrists were reviewed in our centre for a suspected for treatment algorithm). MRI was performed a mean of 6 days from injury (range: 1-21 days). Eighty-nine (81%) had a limited scaphoid trauma series MRI performed involving T1-and T2-fat saturated sequences (scan time of 5 minutes) and the remainder had a full six-sequence wrist MRI (scan time 25 minutes).
Twenty-six patients (24%) had occult scaphoid fractures identified, defined as a bone lesion with oedema that breached the scaphoid cortex. Figure 3 shows an example of a scaphoid fracture initially missed on plain X-ray but detected in the T1-and T2-weighted images. Thirtysix patients (33%) had other fractures (see Table 2 ). Thirteen (12%) had significant soft tissue injuries (scapholunate ligament tears in 8, dorsal capsular tears in 3 and TFCC tears in 2) and 33 (30%) had normal results.
76% of patients with a normal initial X-ray had an alteration to their management as a result of the MRI findings. Patients with normal scans had their immobilisation removed. With regard to the 30% of the patients who avoided unnecessary X-rays, we estimated savings of $2400 (Aus) per person when taking into account the cost of MRI versus X-ray and loss of work time (see Table 3 ). 
Discussion
The authors have referenced some of their own studies in this review. These referenced studies have been conducted in accordance with the declaration of Helsinki (1964) and the protocols of these studies have been approved by the relevant ethics committees related to the institution in which they were performed. All human subjects, in these referenced studies, gave informed consent to participate in these studies.
Our healthcare system utilises an acute wrist injury protocol whereby patients presenting with clinical suspicion of an acute scaphoid injury and a negative initial X-ray are referred for MRI. We believe that this protocol avoids missed fractures (potentially minimising non-unions), unnecessary mobilisation and reduces overall costs to the healthcare system and community. From our own data, 76% of our patients had an alteration in their management as a result of this protocol, which is in keeping with other similar studies.
Our own data support the use of MRI as a second line tool where plain XR is negative. It should be noted in our series, all the patients had tenderness in the anatomical snuff box, and we defined a fracture as including a cortical breach.
The results from our local audit are comparable to other examples in the literature. The main difference we noted, however, was that amongst patients who received an MRI for scaphoid type pain, our centre had a greater prevalence of occult scaphoid fractures when compared to previous publications. This may have been due to improved clinical assessment with the majority of patients being reviewed by orthopaedic trainees or senior emergency doctors prior to ordering this investigation.
MRI has improved sensitivity and specificity compared to conventional radiography and bone scintigraphy. Similar outcomes have been seen between MRI and CT scanning however MRI allows for detection and management of additional injuries and reduced radiation exposure.
MRI is cost effective when compared to previous management protocols of further immobilisation and repeat X-ray. However, few studies have compared CT to MRI in terms of cost effectiveness. Jenkins et al. 1 showed reduced costs using CT imaging albeit with poorer diagnostic performance and they acknowledged the unknown long term cost benefit of identification of the additional injuries seen by MRI.
Future studies need to look into the consequences of soft-tissue injuries identified by MRI and their economic burden. Also, the natural history of bone bruising is unknown and the optimal treatment method of such findings needs to be further assessed.
Conclusion
MRI in the setting of suspected scaphoid injuries and normal initial X-rays allows for optimisation of patient management and has been shown to be cost effective both in previous research and our own experience. We recommend the adoption of an MRI algorithm in the management of acute wrist injuries where the resources are available, based on a limited coronal 'trauma sequence'. This enables the effective management of the spectrum of pathology seen, limits missed injuries, while providing appropriate early treatment for more significant pathology.
